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General account and the order Ralfsiales 
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The crustose brown algae have been systematically studied in detail in 
Europe and North America by several workers, notably Kuckuck (1894), Set- 
chell and Gardner (1925), Waern (1949) and Hollenberg (1969). Hollenberg 
reported seven genera and eleven species of the crustose brown algae as the 
members of the Ralfsiales from the Pacific coast of North America, mostly 
from southern California. 

There are few reports on the members of this algal group from Japan and 
the adjacent waters. As the first species found in Japan, Yendo (1909) recorded 
Ralfsia fungiformis (called as R. deusta (Ag.) J. Ag. by him) from Shiribe- 
shi, Hokkaido. Later, several workers reported the occurrence of this species 
mostly from northern parts of Japan (e.g. from southern Saghalien by Tokida, 
1954). A second species of Ralfsia, R. verrucosa which was first recorded by 
Yendo (1918) from Hakodate, Hokkaido, and it has been reported from many 
places along Japanese coasts. These are the only two species in the Ralfsiales 
reported from Japan to this time. 

During our studies on the crustose brown algae from the Pacific coast of 
Japan, we have obtained additional information concerning their morphology 
and taxonomy. In a series of papers, we will deal with the taxonomy of the 
members of Ralfsia, Endoplura and Diplura of the Ralfsiaceae and Pseudo- 
lithoderma of the Lithodermataceae, all of which, except Ralfsia, have been 
found for the first time in Japan. 

Historical account of the order Ralfsiales 

To this time at least 17 genera of crustose brown algae have been des- 
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cribed, and these taxa are often classified into three families, the Ralfsiaceae 
Hauck (1883), the Lithodermataceae Hauck (1883) and the Nemodermataceae 
Feldmann (1937). The Ralfsiaceae is generally considered as having a single 
chloroplast per cell. The Nemodermataceae, which is a monotypic family, is 
characterized by having intercalary unilocular sporangia. The genera Petro- 
derma Kuckuck, Sorapion Kuckuck and Symphyocarpus Rosenvinge, which are 
generally considered to belong to the Lithodermataceae on the basis of their 
vegetative structure and reproductive organs, are unusual for that family in 
having a single chloroplast per cell. This fact may justify the conclusion that 
these families should not be distinguished from one another by the number of 
chloroplasts per cell. Recognizing this difficulty, Hollenberg (1969) included 
the Lithodermataceae in the Ralfsiaceae. 

Nakamura (1972) established a new order Ralfsiales based on Ralfsia as 
the type genus, including certain crustose forms and, as an exception, includ¬ 
ing Analipus which have an erect thread. According to him, the Ralfsiales 
is characterized by having 1) an isomorphic life history, 2) development of a 
disc at an early stage of thallus formation and 3) having a single plate-like 
chloroplast lacking a pyrenoid in each cell. The Ralfsiales differs from the 
Chordariales, which has a heteromorphic life history, and differs from the 
Ectocarpales, which is filamentous and may form loosely branched prostorate 
system on germination. 

The life history of the Ralfsiales was also studied by Loiseaux (1968) who 
confirmed that Ralfsia verrucosa, R. clavata and Pseudolithoderma roscojfensis 
have isomorphic life history. A similar result was obtained on studies of 
another clone of R. verrucosa from eastern Canada by Edelstein et al (1971). 

Nakamura (1965), Tatewaki (1966), Wynne (1969) and Nakamura and Ta- 
tewaki (1975) have shown that a Ralfsia- like stage occurs in the life history 
of the members of the Scytosiphonales erected by Feldmann (1949). Edelstein 
et al. (1970) have also shown that spores of two species of Ralfsia, R. clavata 
and R. borneti, give rise to a blade-like thallus belonging to the Scyto¬ 
siphonales. Moreover, Nakahara and Nakamura (1977) have reported that 
Hapterophycus canaliculatus, which originally was placed in the Ralfsiaceae, 
exhibits a creeping-type of development of the thallus, and its life history is 
of the Scytosiphon- type. According to Nakamura’s proposal (1972), these algae 
should be excluded from the Ralfsiaceae because of their heteromorphic life 
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history and their being only a phase in the life history of certain species of 
the Scytosiphonales. 

Nakamura (1972) included the three families mentioned above in his dis¬ 
cussion of the Ralfsiales, with the following characterization which was mainly 
based on the position of the reproductive organs. In the family Ralfsiaceae, 
the unilocular sporangia are lateral and the plurilocular reproductive organs 
are intercalary, whereas in the family Lithodermataceae, both kinds of repro¬ 
ductive organs are terminal on the vegetative filaments. In the family Nemo- 
dermataceae, the unilocular sporangia are intercalary and the plurilocular 
reproductive organs are lateral. His system seems to be very clear-cut and 
more natural and has been completely accepted by Bold and Wynne (1978). 
In the present study, we will follow Nakamura’s system, but will not consider 
the number of chloroplasts in a cell as one of the order’s characters. As 
described later in detail, some members of the Ralfsiales, including Endoplura 
and Diplura of the Ralfsiaceae, and Pseudolithoderma of the Lithodermataceae, 
have several chloroplasts and their shapes are discoidal or irregular in contrast 
to Ralfsia in which chloroplasts are plate-like, according to Nakamura (1972). 
In addition to this evidence, it should also be cited that Loiseaux (Wynne & 
Loiseaux, 1976) reported a chloroplast with a pyrenoid for a Ralfsia clavata 
which was not of subgenus Stragularia, and, moreover, Fletcher (1978) con¬ 
firmed the presence of pyrenoids in some members of Ralfsia, including R. 
verrucosa. 

With regards the systematic position of Analipus japonicus (= Heterochor - 
daria abietina) , Nakamura (1972) was of the opinion that it should be included 
in the Ralfsiales on account of having the disc type of germination. Wynne 
(1972) has been inclined to agree with Nakamura in treatment Ralfsia and 
Analipus in the same taxonomic entity. We also agree with both as to the 
systematic position of Analipus, but it is excluded from a series of our papers 
since it has both a crustose basal system and an erect system. 

Morphological characters for the classification within the order Ralfsiales 

The vegetative thallus of the Ralfsiales has a simple construction : it is 
composed of basal layer and erect filaments (vegetative filaments),,. The fol¬ 
lowing vegetative characters have been used as diagnostic criteria within the 
Ralfsiales, for the identification of taxa, mainly at the rank of species s 1) 


— 3 



196 


rfi 

:p;[> 


55 # 


PgfP 55 ^ 7 n 


7 ^ 


A 


B 



Fig. 1. Diagrammatic figures showing two types of the thallus structure found in Ralfsia species. 
A. Vegetative filaments curving only upwards (unilateral structure). B. Vegetative filaments 
curving both upwards and downwards (symmetric bilateral structure). 


how tightly erect filaments are joined with one another, 2) whether erect 
filaments are curved or straight and 3) whether a thallus has a symmetric 
bilateral or a unilateral form (Fig. 1-A, B). 

As mentioned above, the number of chloroplasts cannot be used as criterion 
for distinguishing the Ralfsiaceae from the Lithodermataceae. However, it can 
be used as a diagnostic character for distinguishing certain genera within the 
Ralfsiales (e.g. Ralfsia and Endoplura ). Many characters associated with 
reproductive organs, unilocular and plurilocular, can be useful for the classifica¬ 
tion of this algal group. In Ralfsia, unilocular sporangia are formed in the 
following way. An apical cell of an erect vegetative filament divides terminally, 
ultimately giving rise to multicellular paraphyses (Fig. 2; 1-2). When the 
formation of paraphysis has been completed, its supporting cell, that is, the 
cell in the position of the original apical cell of the erect filament, devides 
obliquely forming a cell that becomes a unilocular sporangium (Fig. 2; 3). 
The initial cell is conical at first, but later becomes clavate or oblanceolate in 
shape, standing more or less upright" on the apical cell of the erect filaments 
(Fig. 2; ,4-5). A similar process in. fhe.formation of unilocular sporangia was 
described by c Edelstein et al. (1969), for R. fungiformis. The unilocular spor- 
nagium may or- may not .have stalk cells, depending on the species. The 
presence or absence and the number of the stalk cells are, therefore, useful 


— 4 — 


July 1980 


Journ. Jap. Bot. Vol. 55 No. 7 


197 


A 



4 5 


Fi 7. 2. Diagrammatic figures showing successive stages in the formation of unilocular 
sporangia found in Ralfsia species from Japan. A. Sporangia without a pedicel. B. 
Sporangia with a unicellular pedicel. C. Sporangia with a multicellular pedicel. (1, 
Vegetative stage; 2, Development of paraphysis; 3, An initiatiation of unilocular 
sporangium; 4, Formation of stalk cells at the base of sporangium; 5, Mature stage; 
Sporangia, including the initial cell, are stippled). 

criteria at the rank of species or subgenera. On the basis of these characters, 
Ralfsia can be classified into three groups; 1) a group without stalk cells 
(Fig. 2; A), to which Ralfsia fungiformis, R. verrucosa, R. Integra, R. 
tenuis and R. borneti belong, 2) a group with a single celled stalk (Fig. 2; B), 
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Fig. 3. Diagrammatic figures showing successive stages in the formation of plurilocular repro¬ 
ductive organs found in the Ralfsiaceae from Japan. A. Ralfsia verrucosa, B. R. expansa, 
C. R. pedicellata, D. R. endopluroides and Endoplura, E. Diplura, F. R. fungiformis. 
(1, Vegetative stage; 2, Divisions of potential fertile cells; 3, Further divisions of fertile cells 
and development of terminal sterile cells; . 4, Mature stage; Reproductive cells are stippled). 
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to which R. pedicellata belongs and 3) a group with a stalk consisting of 
more than one cell (Fig. 2; C), to which R. expansa belongs. 

Characters such as the length of paraphyses and the number of cells in 
the paraphyses and the size and the shape of the unilocular sporangia have 
been used as diagnostic criteria important primarily for determining species 
of Ralfsia and the related taxa by many phycologists, including Hollenberg 
(1969). These features are used as additional characters in the present study 
since they are apt to vary depending on the maturity of the organs, and also 
on the ecological conditions. 

According to the classification currently accepted by majority of phycolo¬ 
gists, one of the main characters at the generic rank within the Ralfsiaceae 
concerns the plurilocular reproductive organs. In the present study it is con¬ 
firmed that all of the taxa examined in the Ralfsiaceae share the following 
features of the plurilocular organs: 1) the origin is initiated from a certain 
cell which submerges but not far from the surface of the erect filament (Fig. 
3; 1-2), 2) the initial cell develops and gives rise to one to four rows of 
filaments, consisting of reproductive cells arranged in series, which we term 
“plurilocular reproductive filaments” (Fig. 3; 3-4), and 3) cells located on the 
top of the organ do not become fertile, but remain sterile, which we term 
“sterile filament or sterile cell” (Fig. 3; 4). Using a combination of these 
features, the Japanese representatives of the Ralfsiaceae can be separated 
from one another fairly well as follows: Ralfsia verrucosa has a single pluri¬ 
locular reproductive filament with one sterile terminal cell per filament (Fig. 
3; A), R. expansa in which there are two plurilocular reproductive filaments 
with two uniseriately arranged terminal cells are present (Fig. 3; C), Endo- 
plura aurea and Ralfsia endopluroides, in which two or four reproductive fila¬ 
ments occur with three uniseriately arranged terminal cells (Fig. 3; D), Diplura 
simplex, in which two plurilocular reproductive filaments are present with one 
terminal cell on each of the filaments (Fig. 3; E) and R. fungiformis, in which 
one plurilocular reproductive filament occurs with three to six terminal sterile 
cells (Fig. 3; F). The features mentioned above with the species of Endoplura 
and Diplura have been used as criteria for characterizing those genera, respec¬ 
tively, by Hollenberg (1969). In view of this evidence, the features of pluri¬ 
locular reproductive organs are used in the present study as characters important 
primarily at the rank of species or genera of the Ralfsiaceae. 
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Key to the families and genera of the Ralfsiales from Japan 

1 Both plurilocular and unilocular reproductive organs borne terminally on the 

vegetative filaments; paraphyses not formed .. 

. Pseudolithoderma ( P . subextensum ) 

(Lithodermataceae) 

1 Plurilocular reproductive organs intercalary in vegetative filaments, with 

one to several terminal sterile cells; unilocular sporangia borne laterally on 
the vegetative filaments; paraphyses present. 2 

(Ralfsiaceae) 

2 Chloroplasts disc shaped or irregular in shape and several per cell.3 

2 Chloroplasts plate shaped and one per cell . Ralfsia 

3 Plurilocular reproductive organ bearing three sterile cells in a terminal 

uniseriate series . Endoplura 

3 Plurilocular reproductive organs bearing a single terminal sterile cell in 
each reproductive filament . Diplura 
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notes on Verbesinc alternifolia (L.) Britton in Japan 
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(Acta Phytotax. Geobot. 28: 44, 1977). 



Fig. 1. Verbesina alternifolia (L.) Britton with flowers 
and immatured fruits at Setagaya, Tokyo (Photo by 
Y. Asai, Sept. 16, 1970. 
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